Aim-To determine the potential role of basic fibroblast growth factor (bFGF) and platelet derived growth factor (PDGF) in the pathogenesis of proliferative vitreoretinopathy (PVR). Methods-An enzyme linked immunosorbent assay technique was used to determine the quantities of bFGF and PDGF in 38 vitreous samples taken from patients undergoing trans pars plana vitrectomy (PPV) for a variety of vitreoretinal disorders. Results-bFGF levels ranged from undetectable to 318.7 pg/ml. The mean concentration was 27.57 pg/ml. PDGF levels ranged from undetectable to 160 pg/ml, the mean concentration being 40.06 pg/ml. Eight of 13 patients with clinical evidence of retinal detachment (RD) and PVR had significantly elevated bFGF concentrations, whereas only one of 11 patients with RD and no PVR had detectable bFGF; seven of eight patients with RD and PVR had elevated PDGF concentrations in the vitreous, whereas all 10 patients with RD and no PVR had no detectable vitreous PDGF. Eight patients with vitreous haemorrhage had raised PDGF concentrations, and the levels were particularly high (>120 pg/ml) in those two patients with active neovascularisation. Two out of nine patients with vitreous haemorrhage had raised bFGF levels. Conclusions-bFGF and PDGF concentrations are elevated in PVR even in the absence of vitreous haemorrhage, and not in patients with RD uncomplicated by PVR. This observation suggests that both cytokines may be involved in the pathogenesis of PVR. (Br J Ophthalmol 1998;82:181-185) Proliferative vitreoretinopathy (PVR) is the most common cause of failed retinal detachment (RD) surgery. It occurs in 10% of patients with retinal detachment.
Proliferative vitreoretinopathy (PVR) is the most common cause of failed retinal detachment (RD) surgery. It occurs in 10% of patients with retinal detachment. 1 2 PVR is a process characterised by the formation of fibrocellular membranes on the surface of the detached retina and within the vitreous. These membranes are formed when a number of cell types including retinal pigment epithelial (RPE) cells, glial cells, macrophages, and fibroblasts migrate into the vitreous cavity, adhere to the retina and vitreous gel, proliferate, synthesise extracellular matrix, and eventually contract causing traction and reopening of breaks.
1 RPE cells play a role in PVR. They have been demonstrated to produce platelet derived growth factor (PDGF)-like proteins, which account for a portion of mitogenic activity in RPE conditioned medium, 3 and their proliferation is known to be triggered by PDGF. 4 PDGF is a growth factor which is present together with platelet derived endothelial cell growth factor (PD-ECGF), transforming growth factor (TGF-), and hepatocyte growth factor (HGF) in platelets. Experimental studies have shown that tractional retinal detachment can be induced in 72% of rabbit eyes within 3 weeks following intraocular injection of PDGF. 5 It stimulates fibroblasts to synthesise and deposit collagen, 6 and is the most important chemotactic and mitogenic agent for glia. 7 8 PDGF also stimulates collagen gel contraction 9 and has been implicated in the pathogenesis of PVR. 5 8 10 11 It has been suggested that PDGF is an autocrine stimulator of growth in RPE which plays a role in retinal wound repair and epiretinal membrane formation, 12 and may mediate the eVects of transferrin, a protein present in large amounts in the vitreous, plasma, and in intraocular proliferative tissue, and a component which is essential for the growth of cultured cells. 13 Basic fibroblast growth factor (bFGF) is a potent mitogen which stimulates cell proliferation and diVerentiation in many cell types and is implicated in the angiogenic response in wound healing.
14 It has been isolated from a variety of sources including neural tissue, pituitary, adrenal cortex, corpus luteum, and placenta. 15 16 It is an important angiogenic factor in bovine retina in experimental model systems. 14 Elevated levels have been demonstrated in the vitreous of patients with proliferative diabetic retinopathy. 17 bFGF has been shown to stimulate the proliferation of corneal endothelial cells in concentrations as low as 5 pg/ml.
In this study we investigated the vitreous of patients with RD, RD + PVR, and vitreous haemorrhage for the presence of PDGF and bFGF in an attempt to determine if there was a correlation between vitreous levels and clinical grade of PVR, and the possible role of these cytokines in the pathogenesis of PVR. Control groups included vitreous aspirates from cadaver specimens and patients undergoing trans pars plana vitrectomy (PPV) for removal of intraocular foreign bodies.
Materials and methods

PATIENTS
Thirty eight patients were included in the study. The mean age was 48.7 years (range 10-80 years). The male to female ratio was 1.5:1.The patients were divided into four groups according to the clinical diagnosis, which included RD with PVR (n=13), RD and no PVR (n=11), vitreous haemorrhage (n=9), and intraocular foreign body (IOFB) (n=5). Three cadaveric specimens from individuals with no ocular disease were assayed for the presence of bFGF. Because PPV and gas tamponade without scleral buckling is the preferred management of primary rhegmatogenous retinal detachment in our unit, we were able to collect vitreous samples from patients with RD alone and patients with grade A PVR.
PVR was graded according to the classification recommended by the Retina Society Terminology Committee 19 : grade A-vitreous haze and vitreous pigment clumps; grade B-wrinkling of the inner retinal surface, rolled edges of the retinal break, retinal stiVness, and vessel tortuosity; grade C-full thickness retinal folds, C-1-involving 1 quadrant, C-2-2 quadrants, C-3-three quadrants; grade D-fixed retinal folds in four quadrants, D-1-wide funnel shape, D-2-narrow funnel shape, D-3-closed funnel (optic nerve head not visible).
A diagnosis of grade A PVR was attributed to those patients with obvious pigment clumping within the vitreous cavity. Individuals who were classified as having RD and no PVR had been carefully examined and found to have no visible pigment clumping within the vitreous cavity.
SPECIMENS
Vitreous aspirates were obtained from 38 patients undergoing PPV using the standard three port vitrectomy technique. A 5 ml syringe connected to the ocutome was used to aspirate 0.5-1 ml of undiluted vitreous. Vitreous samples from the cadaver eyes were obtained within 6 hours of demise using an 18 gauge needle and syringe. All specimens were immediately labelled and stored in a liquid nitrogen container at −20°C until the assay was performed.
ASSAY
Commercially available immunoassay kits (Quantikine UK) were used to quantitate levels of human PDGF and bFGF levels in the vitreous samples obtained.
PDGF and bFGF immunoassays are solid phase enzyme linked immunosorbent assays (ELISA) which measure the cytokine levels in less than 4.5 hours.
Both assays employ the quantitative "sandwich" ELISA technique. Monoclonal antibodies specific for the relevant cytokine-that is, bFGF (the PDGF assay recognises both the A and B chain components of PDGF), are coated onto the microtitre plate provided in the kit. Standards and samples are pipetted into the wells in duplicate and any bFGF present is bound by the immobilised antibodies.
After washing away any unbound proteins, an enzyme linked polyclonal antibody specific for bFGF is added to the wells and colour develops in proportion to the amount of bFGF bound in the initial step. The colour development is arrested and the intensity of the colour is measured using a spectrophotometer. The duplicate readings are averaged. The optical density is then plotted against the bFGF concentrations in the standard wells, and by comparing the optical density of the samples to this standard curve, the concentration of the bFGF in the unknown samples is determined.
PDGF levels were determined in 31 samples, while bFGF levels were determined in 38 samples, and in three cadaveric samples in which no ocular pathology was present.
STATISTICS
Comparisons between the diVerence in vitreous PDGF levels in samples with RD alone and those with RD complicated by PVR were analysed using the Wilcoxon rank sum test. The same was done for bFGF.
Results
PDGF concentrations in the vitreous of 31
patients ranged from undetectable (in 13 samples) to 160 pg/ml. All 19 vitreous samples with detectable PDGF had concentrations ranging between 6 and 160 pg/ml (mean 40.06 pg/ml).
The number of patients divided according to their vitreoretinal condition with detectable PDGF concentrations are summarised in Table 1 ; these included seven patients with retinal detachment complicated by PVR, eight patients with vitreous haemorrhage, and four with IOFB.
In all, 87.5% (7/8) of those patients with RD + PVR had detectable vitreous PDGF concentrations (mean 55 pg/ml; range 6-105 pg/ml). No patient with RD uncomplicated by PVR had detectable concentrations of PDGF (see Table 3 ). The diVerence between these two groups was statistically significant with a confidence level of 0.001 when analysed with the Wilcoxon rank sum test. Patients with lower grades of PVR tended to have higher vitreous concentrations of PDGF (Table 2) ; the numbers, however, were not great enough for statistical analysis. All patients with vitreous haemorrhage had detectable vitreous levels of PDGF (mean 77 pg/ml; range 35-106 pg/ml). The causes of vitreous haemorrhage included horseshoe tear (five cases), disc neovascularisation (two cases, one secondary to branch retinal vein occlusion, the other secondary to proliferative diabetic retinopathy (PDR)) and one perforating eye injury ( Table 2) .
Four of the five patients with IOFBs, and no obvious vitreous haemorrhage, had detectable PDGF concentrations (mean 36.2 pg/ml; range 30-40 pg/ml) in their vitreous.
bFGF concentrations in the vitreous of 38 patients ranged from undetectable (in 26 samples) to 318.7 pg/ml. All 12 vitreous samples with detectable bFGF had levels ranging between 5 and 318 pg/ml (mean 27.57 pg/ml). The number of patients, divided according to their pathology, with detectable bFGF concentrations are summarised in Table 3. A total of 61.5% (8/13) of patients with RD + PVR had detectable vitreous bFGF concentrations (mean 79.82 pg/ml; range 0-318.7 pg/ml), whereas only 1/11 patients with RD and no PVR had detectable vitreous bFGF (7 pg/ml) ( Table 2 ). The diVerence between these two groups was statistically significant when analysed using the Wilcoxon rank sum test, with an alpha <0.001 significance level. There did not appear to be any relation between the extent of PVR and the level of bFGF.
Discussion
The pathogenesis of PVR as described by Wiedemann and Weller, 20 involves the migration of cells into the vitreous cavity, proliferation of these cells, synthesis of an extracellular matrix, and cellular contraction of this matrix. These tractional forces lead to RDs which are difficult to treat and have a poor visual prognosis. Cytokines which are known to stimulate this activity include TGF-, [21] [22] [23] [24] [25] PDGF, [26] [27] [28] and some members of the endothelin family. 29 bFGF, an angiogenic factor, has been shown to have an important role in the development of PDR, 17 and by inference may have an important role in PVR.
The RPE plays a major role in wound repair and PVR, 29 it forms a stable monolayer of cells which only proliferate during wound repair. Campochiaro et al 12 have demonstrated that a PDGF autocrine loop is involved in RPE cell growth in serum free medium. This group has located PDGF in ganglion cells, retinal blood vessels, and in the RPE, but only when participating in wound repair, either adjacent to laser burns or underlying RD. They also found that PDGF and PDGF receptors are expressed in the RPE cells in epiretinal membranes removed during vitreous surgery. These findings are supported by those of Robbins et al. 30 Neither group has studied levels of PDGF or bFGF in clinical vitreous samples.
Our study examined PDGF and bFGF concentrations in the vitreous of patients undergoing PPV, and has shown that both are elevated in eyes with RD and PVR but not in eyes with RD without PVR. The diVerence between these two groups is highly significant with an <0.001 significance level. Our data support and expands Campochiaro et al's in vitro evidence that PDGF is a major player in the pathogenesis of PVR.
To make a distinction between eyes with RD without PVR and eyes with grade A PVR might be considered ambiguous, as it may be true that all eyes with RD have dispersion of RPE PDGF in eyes with grade A PVR tended to be higher than in eyes with grade C PVR. This suggests that PDGF may play a main role in the earlier stages of PVR. Our numbers were not great enough to be statistically significant, therefore no definite conclusion can be drawn from this observation.
bFGF levels, though raised in the vitreous of patients with PVR, could not be correlated with the degree of PVR; reasons for this include small patient numbers and the fact that the proliferative activity reflected by bFGF levels may have become quiescent despite the clinical stage of PVR. It would be interesting to investigate the possible existence of a relation between the severity of PVR and both PDGF and bFGF levels in a larger study, because if such a link existed then, possibly, routine assay of vitreous samples taken at the onset of surgery could be used to determine whether patients would benefit from intravitreal PDGF/ bFGF antibodies in order to minimise the risk of PVR. However, it has not yet come to the stage where such exciting immunotherapy is available, and no clinical trials have been published, but the potential exists.
Three cadaveric specimens were retrieved within 6 hours of death and examined for the presence of PDGF and bFGF. No detectable levels were found, which suggests that bFGF and PDGF are not found in normal vitreous. However, we cannot rule out that this may be a result of instability of PDGF and bFGF. We used vitreous samples from patients undergoing PPV for removal of IOFB as controls. These samples cannot be considered as true "normal" controls as breakdown of the bloodretinal barrier at the perforation site plus or minus vitreous haemorrhage would have allowed leakage of cytokine material into the vitreous cavity. Hanneken et al 31 have demonstrated the presence of FGF binding proteins in the vitreous, and have suggested that these naturally occurring proteins may sequester free FGF in the vitreous cavity, and modulate the biological activity of FGF in vitreoretinal disease. To date no studies have included vitreous of healthy human eyes to determine if any and which particular cytokines are present under normal circumstances. Sivalingam et al 17 have examined human vitreous specimens for the presence of bFGF and implicated its potential in the pathogenesis of PDR. Baudouin et al 32 have looked at acidic fibroblastic growth factor basic (aFGF) in the vitreous of patients with PVR and found it to be present in 100% of cases. No data have been published regarding the presence of bFGF or PDGF in clinical vitreous specimens of patients with PVR.
This study is an attempt to confirm Campochiaro et al's experimental findings with clinical material, and from our results we can observe that both PDGF and bFGF concentrations are significantly elevated in the vitreous of patients with RD and PVR when compared with patients with straightforward RD uncomplicated by PVR. Our findings suggest that both of these cytokines may play a role in the pathogenesis of PVR.
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